Supplemental content at jamapediatrics.com C urrently, no consensus exists regarding the diagnosis or evaluation of a newborn with Robin sequence (RS), a congenital condition occurring in approximately 1 in 8500 live births. 1 The literature addressing RS has focused on the experience of single centers based on study-specific definitions. Multidisciplinary collaboration and prospective studies using similar definitions are required to advance care in RS. To further this goal, an international consensus meeting was convened in Utrecht, the Netherlands, from October 31 to November 1, 2014 , at which 145 participants from 24 countries attended. An expert panel was convened to develop a RS clinical consensus report (CCR) based on synthesis of available literature and expert opinion. The objective of this article is to report the resulting consensus-derived set of best practices for the diagnosis and evaluation of children with RS as a starting point for defining standards and management.
Methods
The CCR was developed after the completion of 7 predetermined steps. These included (1) evaluation of the suitability of RS for a CCR, (2) panel selection and recruitment, (3) vetting of potential conflicts of interest, (4) a panel meeting to determine the CCR scope and focus, (5) a systematic literature review and generation of the CCR, (6) iterative revision of the CCR based on survey results, and (7) CCR review and agreement.
Determination of RS as the Topic of a Consensus Report, Panel Recruitment, and Vetting
Robin sequence was considered as a possible subject of a CCR based on discussions at a craniofacial meeting in 2013 (12th International Congress on Cleft Lip/Palate and Related Craniofacial Anomalies; May 10, 2013; Orlando; Florida). The consensus leadership (C.C.B., K.N.E., and P.H.) developed a panel of international consensus meeting faculty, with a strategic aim to cultivate participation from the pertinent specialty groups. The panel membership was surveyed to generate an agenda and specific objectives. Endorsements for the meeting were obtained from numerous societies and associations (http://www.robinsequence.nl/home.html). The panel, selected based on clinical and research expertise focusing on RS, contained representatives from pediatrics (K.N.E. and V.A.), sleep medicine (K.F.M.J.), neonatology (C.F.P.), genetics (H.M.S., M.H.V., and M.E.A.), plastic surgery (C.C.B., C.F., J.M., P.D.G., R.S., F.V.M., E.P., A.P., H.B., and M.V.C.), otolaryngology (P.H. and L.S.), maxillofacial surgery (M.M. and M.K.), developmental biology (P.G.F.), dentistry, and orthodontics (S.S. and P.A.M.). All members were vetted by the panel chair (C.C.B.), and no conflicts of interest were identified.
Literature Review and Determination of the Scope of the Consensus Report
The expert panel defined the scope and current controversies in diagnosing and evaluating children with RS during the international consensus meeting. Aiming to build a report that would identify gaps in evidence and prioritize clinical focus areas in RS care, the panel assembled topic-specific subgroups. The stepwise development of each report included a systematic literature review to identify upto-date evidence focused on the designated topic. These topic areas were deliberated by the multidisciplinary subgroups at the interna-tional consensus meeting and subsequently used as the framework for developing the CCR.
Generation of Consensus Document
After the international consensus meeting, the panel divided into 6 groups, each with a designated group leader. The topics, agreed on by all conference attendees, included (1) The CCR was developed using software (http://www.projectplace .com) that allowed each group to collaborate and work concurrently. The respective groups devised initial drafts. The entire membership was then invited to provide comments and suggestions. Three members (C.C.B., K.N.E., and P.H.) integrated all documents into one CCR. All members were given another opportunity to review and edit the manuscript and make suggestions.
Clinical Consensus Report

Definition of RS
Consensus was reached that micrognathia is the primary characteristic of RS. Other mandatory diagnostic characteristics include glossoptosis and airway obstruction. Cleft palate is considered a common and additional feature. It was agreed on that management for all newborns with RS begins with assessing and treating airway obstruction ( Table 1) .
Micrognathia
Definition of Micrognathia
Several attempts have been made to define micrognathia. A cephalometry protocol by Pruzansky and Richmond 2 investigates mandibular size and craniofacial growth in patients with RS. However, the limited 2-dimensional nature of these images and the difficulty in accurately positioning and immobilizing the awake infant that is required to obtain precise cephalograms reduce the usefulness of this method. Computed tomography (CT) can generate 3-dimensional reconstructed images; however, the additional risks of radiation exposure during infancy and the lack of normative CT data are shortcomings. Hence, for most clinicians, the diagnosis of micrognathia is largely subjective. The literature is ambiguous in regard to catch-up mandibular growth in infancy. 3-7 Studies 8,9 show that
Key Points
Question What are the agreed-on clinical features of and evaluations for infants and children with Robin sequence?
Findings In this consensus report and review, an international, multidisciplinary panel of clinical experts agreed that the diagnosis of Robin sequence can be made in children with micrognathia, glossoptosis, and upper airway obstruction. Gaps in evidence in this uncommon condition have limited advances in care and outcomes assessments in children with Robin sequence.
Meaning Using uniform definitions and comparable assessments of the functional and phenotypic features has a global application and the potential to improve care and outcomes in this fragile population with Robin sequence. the micrognathic mandible in children with RS is small and retrognathic throughout childhood and adolescence, with characteristic morphological features, including deficiencies in the mandibular body and ramal lengths, more open gonial angle, and posteriorly inclined chin. Many individuals with RS also have upper jaw hypoplasia. Mandibular morphology and position in RS vary based on the specific diagnosis, the existence of mandibular hypodontia, and the presence of associated syndromes. 8,10
Assessment of Micrognathia
The objective evaluation of micrognathia varies depending on the severity of clinical findings and available investigative and treatment options. Mandibular size can be assessed using multiple modalities, including low-dose multisection CT, cone beam CT, lateral cephalograms, plaster casts, 3-dimensional photography, and direct measurements with rulers and calipers. Access to these modalities varies, and no criterion standard method exists to diagnose, characterize, and monitor micrognathia. The optimal tool to measure micrognathia during childhood should be widely available, reproducible, and cost-effective. The Jaw Index is a simple, inperson measure that may fulfill some of these requirements ( Figure) . 11 The advantages of the Jaw Index are its simplicity, usability, and potential application to early screening and characterization of micrognathia in newborns. However, the Jaw Index may not reflect functional airway compromise, and validation of this tool in multiple populations is needed before adoption. 12,13
Glossoptosis Definition of Glossoptosis
Glossoptosis is a dynamic clinical entity defined as displacement of the tongue base into the oropharynx and hypopharynx. The degree of glossoptosis and resultant upper airway obstruction can vary. In severe cases, the child will have inspiratory stertor or stridor with increased respiratory effort, possibly accompanied by apnea and cyanotic episodes. Children with mild glossoptosis may maintain an adequate airway when awake, sucking on a pacifier, or crying but have a heightened risk for sleep-disordered breathing (SDB). 14 It is unclear whether the size of the tongue is consistent across the phenotypic spectrum of RS, and there is no definitive correlation between the degree of micrognathia and severity of glossoptosis. 15 The findings of an electromyography study 16 also suggest the presence of abnormal neuromuscular tone of the tongue in RS. 
Assessment of Glossoptosis
Intraoral examination of the infant with glossoptosis may reveal a minimally visible, posteriorly positioned tongue, occasionally pulled up into a palatal cleft (eFigure 1 in the Supplement). While no criterion standard test exists to diagnose glossoptosis, at minimum, endoscopy allows for visualization of the tongue position in the oral cavity and oropharynx. Although some physicians prefer a transoral approach with a flexible endoscope, nasopharyngolaryngoscopy may be required to obtain a holistic view of the oropharyngeal region. Endoscopy can identify additional levels of airway narrowing other than at the tongue base, which is essential for determining optimal management. 17 There are reports of using endoscopic images to further localize and categorize the oropharyngeal obstruction and to grade the severity of airway compromise. 18, 19 However, this technique is difficult to reproduce in the crying, awake infant, and small endoscopes produce less optimal image resolution. Also, respiratory problems primarily occur when a child with RS is relaxed or sleeping, especially when positioned supine. During nasopharyngolaryngoscopy, the awake child is often agitated, resulting in muscular tension, and the endoscopic characteristics may not mimic the crucial moments when obstruction occurs. Radiographic studies are considered to be of limited value and are not routinely used to diagnose glossoptosis. Newer dynamic imaging techniques, such as cine magnetic resonance imaging and multidetector CT, can better delineate and quantify the degree of obstruction at various sites in the upper airway but are not universally available and require the patient to be cooperative or intubated. 20, 21 Respiratory Problems Due to Upper Airway Obstruction
Definition of Respiratory Problems
Glossoptosis is the primary cause of respiratory problems in RS (eFigure 2 in the Supplement), although multiple factors will influence a child's respiratory status. Associated with considerable morbidities affecting health, growth, and development, the recognition and treatment of respiratory problems are essential. [22] [23] [24] [25] [26] The spectrum of respiratory compromise in RS is broad. Sleep-disordered breathing is a complex phenomenon of upper airway dysfunction during sleep and is characterized by snoring or increased respiratory effort due to upper airway resistance and pharyngeal collapsibility. Obstructive SDB includes a spectrum of clinical entities, including primary snoring, upper airway resistance syndrome, obstructive hypoventilation, and obstructive sleep apnea (OSA) syndrome.
Assessment of Respiratory Problems
The respiratory assessment in RS begins immediately after birth, although symptoms of respiratory compromise may develop over time.
The intermittent nature of upper airway obstruction may lead to a delay in diagnosis and referral to a specialized team. While infants with life-threatening respiratory distress require direct respiratory support, most infants with RS can be observed clinically. Clinical signs of respiratory compromise in infants with RS include stertor or stridor, labored breathing, diaphoresis, apnea, and restlessness and can be assessed during sleep, in wakefulness, and with feeding. 27,28 Positioning the child in a prone or lateral decubitus position will help to determine whether airway obstruction can be lessened. A jaw thrust maneuver pulls the tongue forward and is a tool that helps to illustrate airway obstruction localized to the tongue base. Additional airway-affected manifestations include feeding difficulties, aspiration, and poor weight gain. Growth in children with RS may be reduced in early childhood relative to standard growth curves and counterparts with isolated cleft palate. [29] [30] [31] [32] Poor growth may be a sign of chronic airway obstruction and increased energy expenditures due to greater work of breathing and feeding challenges. 33, 34 The presentation, timing, and severity of airway obstruction vary in RS, and reassessment of respiratory function and growth is crucial. Objective tools can help to identify and quantify airway obstruction in RS. Carbon dioxide retention and hypoxemia are suggestive of more severe respiratory compromise. Although criteria to assess the degree of respiratory involvement in RS have been proposed, 35, 36 no widely accepted standards exist. Polysomnography (PSG) or polygraphy can quantify airway obstruction and identify comorbidities, such as central apnea. 37 Centers with efficient access to quality sleep studies likely detect a higher burden of SDB. A 3-tiered approach to decision making regarding PSG in infants with RS may be used. First, if no respiratory symptoms in the supine position during sleep and wakefulness are observed by an experienced clinician over an adequate duration of time, PSG may not be mandatory. Second, if any signs of respiratory distress are present in a patient with RS, referral to a specialized center with experience in airway assessments, including PSG, will optimize timely care. Third, if severe obstructive breathing necessitating immediate respiratory support is present, urgent treatment should be started, and PSG may not be feasible. While sleep studies offer valuable diagnostic usefulness and some centers advocate for polygraphy or PSG in all infants with RS, limited access prevents global acceptance.
PSG, Polygraphy, and Oximetry
Polygraphy or PSG performed for at least 4 to 6 hours with at least 3 hours of sleep allows adequate sleep assessment in infants with RS. Overnight PSG requires specialized equipment and personnel in a sleep laboratory. Polygraphy includes a measurement of body position, actigraphy, nasal flow, thoracic and abdominal belts, oxygen saturation, transcutaneous carbon dioxide, and video or nursing staff observation. Scoring respiratory events during sleep is guided by the American Academy of Sleep Medicine. 38 The numbers of mixed, obstructive, and central apneas and hypopneas per hour of total sleep time are recorded and can be expressed as an Apnea-Hypopnea Index or Mixed Obstructive Apnea Index. 39 Diagnostic thresholds for OSA in infants and young children remain debated, and various cutoff values have been reported in RS ( Table 2) . Multiple authors used only the number and depth of desaturations to describe the severity of respiratory distress, and inconsistent criteria were applied for those using PSG. Oximetry may be specific for detecting OSA, but it is not sensitive for detecting airway obstruction and OSA. 51 Future algorithms stratifying respiratory severity in RS will likely take into account the physical examination, gas exchange abnormalities, PSG results, feeding problems, and growth.
Cleft Palate
Definition of Cleft Palate
Cleft palate in individuals with RS is traditionally described as being U-shaped. Clinically, this finding is not always the case. Current publications are contradictory about whether the cleft in RS is more extensive than the non-RS cleft palate, and existing studies have not sufficiently explored links between cleft shape and clinical severity. 32,52-54 A spectrum of feeding problems in RS exists, which can be categorized into prolonged feeding times, reduced oral intake, unsafe oral feeding, and precipitation of respiratory compromise. 59 We propose that feeding disorders in infants with RS can be defined as the inability to take in adequate oral feeds efficiently to support normal growth (eg, >30 minutes with 1 bottle feed) or oral feeding that potentiates airway or respiratory compromise (eg, worsening airway obstruction and aspiration).
Successful feeding depends on a chain of complex, rhythmically coordinated, successive movements: suction is followed by swallowing, intermitted by breathing. Factors contributing to feeding problems in RS include the anatomic tongue position, upper airway obstruction, oropharyngeal dysfunction, and weak sucking mechanics, compounded by nasal regurgitation and difficulty generating adequate negative intraoral pressure with palatal clefting. 60 In addition, central or neuromotor disabilities may affect sucking and swallowing coordination, 61 and feeding impairment is anticipated in children with RS and specific syndromes and genetic conditions. 60 Aspiration can result from discoordinated suck-swallow-breath or primary swallowing dysfunction. 12,62 Tachypnea and increased work of breathing negatively affect feeding mechanics and potentiate gastroesophageal reflux. Reflux-induced secretion production and airway inflammation disrupt the feeding-respiratory balance. Feeding problems may worsen during the first weeks of life and tend to improve from 4 months through the first year of life.
Assessment of Feeding Problems
Given the association with failure to thrive, swallowing dysfunction, and developmental delays, the recognition and treatment of feeding problems in RS are priorities. A clinical feeding assessment performed by experienced health care professionals in the first days and weeks of life will include evaluations of (1) quality of bottle feeding and feeding time, (2) effect of feeding on respiratory status, and (3) quality of weight gain and growth (expressed as the standard deviation for weight or weight gain). Complementary feeding investigations can help diagnose swallowing problems and guide therapeutic interventions. Fiber-optic endoscopic evaluation, videofluoroscopy, swallowing electromyography, and esophageal manometry have been described; however, there is no consensus regarding the validity and interpretation of these investigations in infants with RS. 61-64 Infant feeding specialists are valuable in delineating unique feeding problems. It is essential to define feeding problems together with parents and feeding experts as early as possible.
Etiological Diagnosis
Thorough assessment by a pediatrician and a clinical geneticist is advised for all children with suspected RS, with reassessment because a syndrome may become apparent at a later age. When patients have a co-occurring syndrome, such as Stickler syndrome, RS with Stickler syndrome is an appropriate diagnostic description. Because RS occurs as an isolated condition or as part of a syndrome or multiple-anomaly disorder, the diagnostic process in each context differs. Micrognathia is the hypothesized initiating event in RS. 65 However, micrognathia may be caused by multiple different etiologies. The OMIM catalog 66 lists 483 genetic disorders in which micrognathia is a clinical component, and POSSUMweb lists 1080 genetic and teratogenic disorders with micrognathia. 67 The presence of additional anomalies suggests the possibility of an associated syndrome. In one series of 117 individuals with RS, 48% had isolated RS, 35% had identifiable syndromes, and 17% had RS presumed to be caused by a unique or unidentified syndrome. 68 In a 2012 analysis of genetic diagnoses in 125 patients with RS, 58% had associated syndromes, most commonly Stickler and Marshall syndromes. 67 Provision of a genetic diagnosis to a child and family has substantial effect on long-term management, including surveillance recommendations, perioperative precautions, and additional health care needs. Table 4 summarizes the comprehensive examination and assessments of etiology for infants with RS. In addition, an echocardiogram is recommended if 22q11.2 deletion is suspected or if there is a murmur, with brain magnetic resonance imaging if there is abnormal muscle tone, fetal akinesia, arthrogryposis, or microcephaly, as well as skeletal radiographs for any child with RS who is suspected to have a skeletal dysplasia. Radiographs of the scapula, ribs, and long bones may help identify anomalies associated with genetic lesions around the SOX9 gene. 69, 70 Ultimately, it may not be possible to advance the diagnosis beyond the concept of RS plus, in which the affected individual has RS with 1 or more additional anomalies that do not constitute a recognizable syndrome.
Summary and Future Directions
This CCR provides the basis and framework for the minimum assessment that is recommended for children with RS based on the opinions of a carefully chosen expert panel. Future consensus meetings will focus on measuring outcomes and identifying platforms for collaboration. Infrastructure development for standardized data collection and sharing is needed to build the evidence base that will inform future clinical practice guidelines.
Micrognathia
Currently, the diagnosis of micrognathia is largely subjective, and future studies should be conducted to define objective parameters. Reference guides for "normal" mandibular dimensions within various age, sex, and racial/ethnic groups have the potential for clinical application, may be useful in monitoring facial growth, and will help answer clinically important questions regarding the severity of the small mandible and mandibular catch-up growth in children with RS.
Glossoptosis
A careful physical examination with endoscopy is necessary to make the definitive diagnosis of glossoptosis. Currently, there are no objective parameters to describe glossoptosis severity. Future research should address 4 questions. First, is the tongue size, anatomy, and attachment to the mandible normal in children with RS? Second, is the tongue malposition related to poor neuromuscular control? Third, what is the role of newer dynamic imaging modalities in the workup of glossoptosis? Fourth, are there other contributing features, such as increased intrathoracic negative pressure?
Respiratory Problems
No widely accepted criteria exist to classify respiratory compromise in infants with RS. There is a scarcity of data concerning long-term follow-up after airway treatment. Treatment efficacy is measurable when the same evaluation methods are used before and after an intervention in similar populations. In principle, treatment should be guided by clinical symptoms and available tests. Centers treating patients with RS will ideally have access to comprehensive respiratory evaluations, including overnight laboratory PSG. Simple, accessible tools that reliably diagnose respiratory problems in RS in the clinical and home settings will be useful. Home respiratory polygraphy in children may be a promising diagnostic tool. 71 Telemonitoring and wearable home monitoring recorders warrant further study. Ideally, the tools and decision-making thresholds will be integrated into a respiratory treatment algorithm.
Cleft Palate
Clear phenotypic description of the cleft palate should be collected for all infants with RS. Collection of photographs or dental models can allow for independent blind assessment of the cleft and address reliability limitations. Cleft phenotypic information will help determine which, if any, methods of describing the extent of the cleft are most predictive of outcome.
Feeding Problems
Integration of parents' perception of feeding challenges and success will be useful in evaluating feeding in RS. Feeding assessments will ideally measure phenotype, oropharyngeal function, and standard feeding outcomes. Evaluations to consider with a research program include systematic assessment of feeding behaviors in infancy, 72 cervical auscultation during feeding, esophageal manometry, and swallowing electromyography. 
Etiological Diagnosis
There are thousands of single-gene disorders, many of which are exceedingly rare or possibly unique. While making a genetic diagnosis is challenging for many infants with RS, next-generation sequencing technologies allow for identification of rare disorders and may be informative in RS. 73 Clinical whole-exome sequencing has led to the diagnoses in up to one-third of individuals who had not received a diagnosis with other methods and will continue to be applied in research settings. 74, 75 
Conclusions
The diagnosis of RS can be made in children when there is micrognathia, glossoptosis, and upper airway obstruction. Using uni-form definitions and comparable assessments of the functional and phenotypic features is a necessary first step in creating an evidence base. Prospective studies and the standard application of validated assessments will be necessary to guide standards and best practices for infants and children with RS. Research defining objective parameters on how we describe and compare these criteria will fill a large gap. Well-designed, prospective studies should also consider (1) engagement of parent stakeholders and (2) development of data standards for phenotypic, functional, and clinical descriptions. Comprehensive phenotypic and genetic investigations combined with a systematic severity classification have the potential to both guide care and facilitate outcome studies needed to advance care in RS. Collaboration will be essential to the progress in this rare yet important condition with lifelong effects on health and quality of life.
